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Nuclear physics today is a diverse field, encompassing research
that spans dimensions from a tiny fraction of neutrons and
protons in the atomic nucleus to the enormous scales of
astrophysical objects in the cosmos.

Its research objectives include the desire not only to better
understand the nature of matter interacting at the nuclear level
but to describe the liquid state of the Universe that existed at the
big bang—a phenomenon that can now be replicated in the most
advanced colliding-beam accelerators. Its discoveries impact other
fields such as astrophysics, particle physics, and cosmology, while
the tools developed by nuclear physicists not only are employed
by other basic sciences but have found wide-spread applications
in a range of technologies that benefit society.

Nuclear physics in the universe

Over 99.9 percent of the mass of all the matter in all the living organisms, planets, and stars
in all the galaxies throughout our universe comes from the nuclei found at the center of
every atom. These nuclei are made of protons and neutrons that themselves formed a few
microseconds after the big bang as the primordial liquid known as quark-gluon plasma
cooled and condensed. The lightest nuclei (those at the centers of hydrogen, helium, and
lithium atoms) formed minutes after the big bang. Other elements were formed later in
nuclear reactions occurring deep within the early stars. Cataclysmic explosions of these
early stars dispersed these heavy nuclei throughout the galaxy, so that as the solar system
formed it contained nuclei of carbon, nitrogen, oxygen, silicon, iron, uranium, and many
more elements, which ended up forming our planet and ourselves.
SOURCE: Adapted from the Nuclear Science Wall Chart, developed by the Nuclear Science Division of the Lawrence Berkeley National Laboratory and the Contemporary Physics Education Project.
Available at http://www.lbl.gov/abc/wallchart/index.html. Last accessed on May 30, 2012. Star Formation image: NASA/ESA and the Hubble Heritage Team (AURA/STScI/HEIC); Formation of Heavy
Elements image: NASA/ESA/JHU/R. Sankrit and W. Blair; Today image: NASA.

From quarks to neutron stars
• At the shortest distance scales, relativistic heavy ion collisions
are used to study quark-gluon plasma and how protons and
neutrons and other hadrons condense from it as it cools.
• Electron-scattering experiments are used to study the complex
structure of those protons and neutrons, with varying spatial
resolution.
• Rare isotope beams are used to understand the patterns and
phenomena that emerge as protons and neutrons form larger
and larger nuclei.
• Nuclear phenomena occur on truly macroscopic distance scales
in stars, in the nuclear reactions that drive certain classes of
cataclysmic stellar explosions and in the description of the
structure, formation, and cooling of neutron stars, which are
basically gigantic nuclei.
•

SOURCE: Courtesy of Witold Nazarewicz, University of Tennessee.
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Research Infrastructures,Networking
and Upgrades
• Current Research Infrastructures and Upgrades
• Future Research Infrastructures

Lepton Beam Facilities
•
•
•
•
•

MAX-lab, Lund, Sweden
ELSA, Bonn, Germany
MAMI, Mainz, Germany
COMPASS at CERN, Geneva, Switzerland
INFN-LNF, Frascati, Italy

Hadron Beam Facilities
•
•
•
•
•
•
•
•
•
•
•
•
•

JYFL, Jyväskylä, Finland
KVI, Groningen, The Netherlands
COSY at FZ Jülich, Germany
GSI, Darmstadt, Germany
GANIL, Caen, France
IPN, Orsay, France
ISOLDE at CERN, Geneva, Switzerland
ALICE at CERN, Geneva, Switzerland
Antiproton Decelerator AD at CERN,
Geneva, Switzerland
INFN-LNL, Legnaro, Italy
INFN-LNS, Catania, Italy
Neutron Facilities in Europe

Smaller-Scale Facilities

Travelling Detectors
It is well established that
experiments using complex
arrays based on Germanium
detectors (such as EUROBALL,
EXOGAM,
MINIBALL
and
RISING)
have
delivered
important scientific results and
developed
new
technical
methods.

The AGATA demonstrator mounted at INFL-LNL in
Legnaro, Italy.

Theory and Computing
• ECT*, Trento, Italy;

• Jülich Supercomputer Centre, Germany;

Future Research Infrastructures
• ESFRI Roadmap Facilities: FAIR, Darmstadt,
Germany; SPIRAL2 at GANIL, Caen, France;
• MYRRHA, Mol, Belgium; ELI, Bucharest,
Romania
• Major Upgrades of Existing Facilities:HIE-ISOLDE
at CERN, Geneva,Switzerland; SPES at INFN-LNL,
Legnaro, Italy; Superconducting Linac at
GSI,Darmstadt, Germany

Layout and architectural view of ELI-NP facility

Projects & Design Studies
• EURISOL; ENC at FAIR, Darmstadt, Germany; PAX
at FAIR; LHeC at CERN, Geneva, Switzerland

Scientific Themes
Hadron Physics
Phases of Strongly Interacting Matter
Nuclear Structure and Dynamics
Nuclear Astrophysics

Fundamental Interactions
Nuclear Physics Tools and Applications

Hadron Physics

Phases of Strongly Interacting Matter

Nuclear Astrophysics

Fundamental Interactions

The SNO detector viewed with a
fisheye lens. The central acrylic vessel
containing 1,000 tons of heavy water
(D2O) is 12 m in diameter and
surrounded by 9,500 photomultipliers.
SOURCE: Courtesy of SNO.

The Super-Kamiokande detector.
Here, scientists (in a rubber raft)
inspect the large photomultiplier
tubes as the enormous tank is
filled with water.
Image courtesy of the Institute for Cosmic Ray Research, University of Tokyo.

PERSPECTIVES ON THE STRUCTURE OF
ATOMIC NUCLEI
The overarching questions guiding nuclear structure research have been
expressed as two general and complementary perspectives: a microscopic
view focusing on the motion of individual nucleons and their mutual
interactions, and a mesoscopic one that focuses on a highly organized
complex system exhibiting special symmetries, regularities, and
collective behavior.
Open questions:
• What are the limits of nuclear existence and how do nuclei at those
limits live and die?
• What do regular patterns in the behavior of nuclei divulge about the
nature of nuclear forces and the mechanism of nuclear binding?
• What is the nature of extended nucleonic matter?
• How can nuclear structure and reactions be described in a unified way?

Monte
Carlo Shell
Model

Standard shell
model
Ab initio methods

With newer methods and powerful
computers, the future of nuclear
structure theory is bright!

Nuclear Structure and Dynamics
• Theoretical Aspects: Ab Initio methods

• Linking quarks, nucleons and nuclei
The spin of the proton is the sum of contributions from the
spins and motions of all the quarks (u and d), quark-antiquark
pairs (little circles), and gluons (connecting lines) within it.
Recent experiments indicate that the sum of the orbital
motion contributes more than the sum of all the spins, much
as the total angular momentum of a large nonspherical
nucleus is primarily the sum of contributions from the orbital
motion of hundreds of protons (red) and neutrons (blue).
SOURCE: (left) Lawrence S. Cardman, JLAB; (right) Witold
Nazarewicz, University of Tennessee.

• Weakly bound and unbound states

• Halos, clusters and few-body correlations

Specific instrumentation for studies of exotic light nuclei:
Since most experiments are on the limit of what is possible both
concerning ion production and detection, an integral approach is
often necessary where the accelerator and separation facilities
are parts of the experimental set-up. In addition to the generic
state-of-the-art detection systems for charged particles and
gamma rays, systems specific to studies of light nuclei are active
targets for low-momentum transfer experiments as well as highefficiency, high-granularity neutron detectors for reaction and
neutron-decay studies. A wealth of spectroscopic information has
become available by the advancement of high-granularity
detectors for charged particles; the potential for similar studies
through neutrons is at least as large, but as of yet has hardly been
possible to address.

Versatile instrumentation for nuclear reactions

The system with the highest N/Z ever produced is
7H. It was identified as a resonance in the
8He(12C,13N) reaction at 15MeV/nucleon at
GANIL. The active target MAYA was employed to
measure kinematical correlations of the reaction
residues.

Schematic view of the R3B setup comprising the
calorimeter CALIFA, a target-recoil tracking
system, a large acceptance super-conducting
dipole, the neutron detector NeuLAND, as well as
tracking systems for charged particles and heavy
ions.

Superheavy elements

Shell model
The SM is based on an effective interaction acting
within a limited model space of valence nucleons. The
computational requirements of the SM are heavy and
the applicability of the method relies on the availability
of large-scale computational resources. One can

expect that the size of the model spaces that can
be handled by the SM will continue to increase in
the coming years, thanks to computational and
to conceptual developments. This will make this
method one of the main tools to understand the
physics of medium mass nuclei far from stability.

Revising the Paradigms of Nuclear
Structure
The modification of shell gaps far from
stability raises doubts about one of the
firmest paradigms of nuclear structure – the
universality of magic numbers throughout
the nuclear chart. Recently, the traditional
magic numbers underwent major revisions
as previously unavailable species became
accessible. The shell structure known from
stable nuclei is no longer viewed as an
immutable construct but instead is seen as
an evolving moving target. Indeed the
elucidation of changing shell structure is one
of the triumphs of recent experiments in
nuclear structure at exotic beam facilities
worldwide.

Energy density functional methods
• The family of microscopic approaches based on nuclear Energy
Density Functionals (EDF) provides a complete and accurate
description of ground-state properties and characteristic
excitations over the whole nuclide chart.
• The main goal of the EDF approach to nuclear structure in the next
decade will be the construction of a consistent microscopic
framework that describes ground-state properties, nuclear
excitations and reactions at a level of accuracy comparable with
experimental results, and provide reliable predictions for systems
very far from stability, including data for astrophysical applications
that are not accessible in experiments.

Symmetries in nuclei and phase
transitions
One fundamental goal of nuclear structure physics is to evidence regularities
and simple features of nuclear spectra, providing a comprehensive
understanding of the origin of such regularities in the complex nuclear manybody systems.

These features are known to be associated with the so-called
dynamical symmetries, which include both symmetries of the
mean field and symmetries of the residual interactions among
the particles, and which are characterized by definite underlying
algebraic structures.

The issue of quantum phase transitions in nuclei is far from being fully explored
and great steps are expected in the coming years on the theory side. The major
extensions will concern the explicit treatment of the nucleus as a fluid with two
components (protons and neutrons) the treatment of excited states, a
generalization to odd-even systems (treated as a mixture of bosons and
fermions).

Reactions
The availability of low- and high-energy radioactive
beams and, in particular the discovery of halonuclei, has brought out a renewed interest in the
modeling of nuclear reactions.
To take into account the complexity of the many-body problem, current
approaches to reaction theory involve different approximations whose
validity needs to be checked, in particular when applied to exotic light
nuclei. There are two major issues in any reaction approach: first, to ensure
that sufficiently detailed microscopic structure information of the
interacting nuclei is incorporated (via optical potentials, form-factors,
spectroscopic factors, etc.) and, second, a proper treatment of the relevant
dynamics. These two aspects are often intertwined and need to be carefully
addressed.

Toward a unified description of nuclear
structure and reactions
Nuclear theory is rapidly evolving from studies of nuclei close
to the valley of beta-stability towards a description of vast
regions of short-lived and exotic nuclei far from stability and at
the nucleon drip-lines. Such an expansion imposes stringent
constraints on microscopic structure and reaction models that
are being developed.
The goal for the next decade will be to develop a microscopic
description of nuclear structure and reaction phenomena that
can be extrapolated very far from beta-stability, and
simultaneously provide reliable error estimates.

Onset of Complexity- Nature and Origin of
Simple Patterns in Complex Nuclei

• Collective response of nuclei
The nuclear collective responses reveal information on the bulk properties of nuclei and
nuclear matter. This response is characterized by the giant resonances of various
multipolarities with most of the strength well above the particle separation energy.

• Evolution of nuclear collective properties with spin and temperature
The investigation of nuclear properties as a function of spin and temperature plays a
crucial role in the study of nuclear structure beyond the mean field description.
Experiments exploring the nucleus at the highest possible spins have shown that a nucleus
while spinning faster and faster can undergo several shape changes before terminating in a
single-particle like configuration, where the nucleonic spins of all valence nucleons are
aligned. In order to produce even higher-spin states the nucleus can regain a collective
motion by acquiring more valence nucleons (see box). In this way it is expected to observe
new shape phenomena like the long sought hyperdeformation.

• Shape coexistence, phase transitions and dynamical symmetries
The future programme using the new and more intense heavy RIBs will shed light on the
phenomena related to nuclear shapes and dynamical symmetries. The occurrence of new
exotic shapes such as proton-neutron triaxiality or tetrahedral deformation and new
dynamical symmetries associated with the critical points characterizing the quantum phase
transitions will be elucidated in particular by measuring their electromagnetic transition
properties.

• Instrumentation

Ground-State Properties
• Charge and matter radii, nuclear moments and spins
• The future with laser spectroscopy methods at ISOL
facilities
• The future with spin-oriented radioactive beams at
in-flight facilities
• Nuclear masses

Instruments and future directions for
direct mass measurements
The knowledge of nuclear masses has developed rapidly in
recent years. Various methods have been implemented including
ion traps, storage rings and time-of-flight spectrometers. They
are adapted to the various production and separation methods
of exotic nuclei, including superheavy elements and reach
highest sensitivity (single-ion detection), highest selectivity
(isomer separation), subkeV precision and measurement times
down to ~10 ms. Setups and programmes for direct mass

measurements are important pillars of almost all
existing RIB facilities in Europe, thus contribute to their
efficient and full exploitation.

Instrumentation
Highly efficient and versatile instrumentation is a key feature in making the
best possible use of the precious rare isotopes produced by the facilities. All
large instrumentation projects in today’s nuclear structure and reaction
research are governed by co-operation in R&D work between groups, which
often represent different subfields of the community.

In the future this approach is even more vital in order to construct the
most versatile and powerful detection systems for probing exotic nuclei.
They need to combine identification (in A and Z) of the outgoing reaction
products together with detection of all emitted particles (gamma-rays,
electrons, charged particles, neutrons etc.). The R&D projects are driven by
physics ideas, but the introduction of new innovative experimental
techniques and/or new materials often reveal unexpected phenomena.

High-sensitivity gamma-ray detection
• High-granularity arrays
consisting of Comptonsuppressed Ge-detectors
and various ancillary
detection systems have
recently resulted in an
unprecedented
sensitivity for
spectroscopy and
reaction studies.
1π section of the AGATA array comprising 45
encapsulated 36- fold segmented Ge- crystals
in triple clusters.

ISOLDE
ISOLDE studies the properties of atomic nuclei, with further
applications in fundamental studies, astrophysics, material and
life sciences

The Isotope mass Separator On-Line facility (ISOLDE) is a unique source of low-energy
beams of radioactive nuclides, those with too many or too few neutrons to be stable. The
facility fulfils in fact the old alchemical dream of changing one element into another. It
permits the study of the vast territory of atomic nuclei, including the most exotic species.

The high intensity proton beam from the Proton Synchrotron Booster (PSB) is directed into
specially developed thick targets, yielding a large variety of atomic fragments. Different
devices are used to ionize, extract and separate nuclei according to their mass, forming a
low-energy beam that is delivered to various experimental stations. This beam can be
further accelerated to 3 MeV/nucleon. The post acceleration of radioactive beams has
opened new fields of research, allowing the study of nuclear reactions with light and
medium-mass radioactive projectiles. Many of these experiments use Miniball, a gamma
array of high purity germanium detectors. Presently an upgrade of the machine, HIE-ISOLDE,
is underway that will improve the experimental capabilities of ISOLDE in many aspects. From
the autumn of 2015 radioactive beams of 5.5 MeV/nucleon will be available.
In the last 45 years the ISOLDE facility has gathered unique expertise in research with
radioactive beams. Over 700 isotopes of more than 70 elements have been used in a wide
range of research domains, from cutting edge nuclear structure studies, through atomic
physics, nuclear astrophysics, fundamental interactions, to solid state and life sciences.
Presently more than 450 researchers are active at ISOLDE, working on about 90
experiments. About 50 experiments take data every year.

Fixed experimental setups
ASPIC

COLLAPS

Surfaces and interfaces are of crucial importance for
the understanding of properties and processes in
matter. Although most characteristics of surfaces differ
drastically from the ones in the bulk, rarely more than
five atomic layers are of relevance to describe the
fundamentals of topics such as heterogeneous catalysis,
corrosion or microelectronics. Despites this intense
interest there are only very few techniques available to
probe local properties with high sensitivity on surfaces
and interfaces.

COLLAPS (COLlinear LAser SPectroscopy) is a small
experiment located at the “isotope factory” ISOLDE at
CERN. Its aim is the investigation of ground state
properties of exotic, short lived nuclei, such as spins,
electro-magnetic moments and charge radii. All these
observables contribute widely to our understanding of
the nuclear force – they give valuable information about
the coupling between nucleons, about symmetry of the
nuclear wave-functions and thus about the symmetry of
the nuclear interaction itself."

CRIS

ISOLTRAP

The CRIS (Collinear Resonant Ionization Spectroscopy) experiment at
CERN ISOLDE is joining together the high resolution of collinear laser
spectroscopy with the high efficiency and selectivity of resonant
ionization. It is used to study the ground-state properties of exotic
nuclei, such as spins, nuclear moments and shapes, and to produce
beams of high isomeric purity for dedicated decay studies.

Precision mass measurements are performed at the mass
spectrometer ISOLTRAP with a relative mass uncertainty
routinely reaching to 1*10^-8. The time-of-flight detection
technique is employed to determine the frequency of an ion
stored in a Penning trap, from which the mass can be extracted.
The system has studied nuclides with half-lives below 100ms
and production yields of less than 1000 ions per second,
supplied by the isotope separator ISOLDE at CERN.

LUCRECIA
Lucrecia is a Total Absorption gamma Spectrometer (TAS) located at the
ISOLDE hall. It has been designed to measure feeding in beta decay
through the detection of the gamma cascades following the decay.
The β-feeding is one of the main ingredients in the calculation of the βstrength function, and is thus an essential element in the proper
estimation of the B(GT) or B(F).

MINIBALL

The high-resolution Miniball germanium detector array has been
operational at REX-ISOLDE at CERN for over 10 years. This array
consists of 24 six-fold segmented, tapered, encapsulated high-purity
germanium crystals and was specially designed for low multiplicity
experiments with low-intensity radioactive ion beams (RIB). For work
with rare-isotope beams, the multiplicities are low (often only a few
states are excited) and the yields of such beams are usually much lower
than for conventional experiments, so efficiency is paramount.

NICOLE
The Nicole On-Line Nuclear Orientation facility comprises a large
3He/4He refrigerator with room temperature side access through
which an ion beam from ISOLDE can be introduced to impinge upon a
suitable metallic foil maintained at temperatures down to below 10
millkelvin. Using ferromagnetic foils, the implanted nuclei experience
hyperfine magnetic fields of order 20 – 200 T, sufficient to produce large
degrees of nuclear polarization subject to a spin-lattice relaxation time
which can vary between hours and milliseconds.

WITCH
The WITCH experiment has been set up for investigation of the weak
interaction focussing on the β-ν angular correlation coefficient . This is
determined by measuring the recoil energy distribution of daughter
nuclei after β decay. A precision experiment with e.g. 35Ar will set new
limits for a scalar contribution to weak interaction.

Societal Applications and Benefits
Nuclear Physics Tools and Applications
simulation SGa sites
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Life Sciences
• Key Questions
• What can Nuclear Physics bring in therapeutic applications?
• How can nuclear physics techniques improve diagnostics methods?
• What are the risks of low-level radioactivity?

• Key Issues
• New methods for producing radioisotopes for medicine, new
isotopes
• Assessment of the benefits of hadron-therapy
• Improvement of the quality of imaging technologies decreasing the
dose to the patient
• Development of radiobiology studies

DIAGNOSING AND CURING MEDICAL
CONDITIONS

PET is a powerful tool to probe the functions of the brain. In these images of the brain, the
radionuclide is fluorine-18 while the molecules for each image obviously have different
biodistributions. The left-hand figure shows fluorodopa (to probe dopamine integrity)
while the right-hand figure shows fluorodeoxyglucose (to probe sugar metabolism).
SOURCE: Courtesy of Don Wilson, British Columbia Cancer Agency

The use of polarized helium-3 has also led to a new MRI technique for imaging
the gas space of the lungs: noble gas imaging. This is a good illustration of the
spin-off applications of fundamental research.
SOURCE: Courtesy of Gordon Cates, University of Virginia.

New Radioisotopes for Targeted
Radioimmunotherapy
• Radiopharmaceuticals have been developed that can be targeted directly at the
organ being treated. These therapy radiopharmaceuticals rely on the destructive
power of ionizing radiation at short ranges, which minimizes damage to
neighboring organs. A frontier direction is targeted radiopharmaceuticals. This
involves attaching a relatively short-lived radioactive isotope that decays via highenergy transfer radiation (alpha-particle emission, for example) to a biologically
active molecule, like a monoclonal antibody that has a high affinity for binding to
receptors on cancer tumors.

• Many research efforts are focused on the production of alternative isotopes with
superior cytotoxicity for use in therapy. A promising class of isotopes is those that
decay by alpha emission, since alpha particles have a very short range in tissue,
resulting in an enhanced cytotoxicity. The radionuclide actinium-225 combines
several favorable properties, including a half-life of 10 days, high alpha-particle
energy, versatile coordination chemistry, and several alpha-emitting daughter
isotopes.

CARBON-EMISSION-FREE ENERGY FOR
THE FUTURE

• Nuclear Fission Energy : Next generation fission reactors;
Accelerator-driven systems for nuclear waste transmutation
• Nuclear Fusion Energy: Fusion reactors (ITER)

• Key Question:
• How can Nuclear Physics contribute to the sustainability and
acceptability of nuclear energy generation?
• Key Issues
• Accurate nuclear data for the design of new generation reactors
•
Study and modeling of nuclear reactions involved in
transmutation processes or new fuel cycles
• Modern Nuclear Physics tools (accelerators, detectors, modeling
techniques,..) applied to the design and construction of next
generation fission/fusion reactors and incineration factories

Thermohaline circulation, commonly referred to as the ocean “conveyor belt,” is
made up of ocean currents that transport heat from the tropics to the polar
regions. AMS of the radioactive isotope argon-39 will be used to explore this
conveyor belt and its impact on climate.
SOURCE: National Oceanic and Atmospheric Administration.

Security
• Key Questions:

• Which new, or modifications of existing Nuclear Physics tools

are needed to cope with new requirements regarding homeland
security?
• Can neutrinos be used as a probe for non-proliferation control?
• Key issues:
• Portable highly sensitive detector systems for ionizing radiation

• An improved high intensity neutron generator
• Requirement for β-emitter decay data for non-proliferation
control
• Smaller and improved Accelerator Mass Spectrometry (AMS)
systems

Applications in
Material Science and Other
Fundamental Domains
• Key Questions:
• How do materials behave under extreme conditions?
• Can we understand interatomic interactions (e.g. bond
formation) at extremely short time scales?
• Can nuclear physics help to visualize dynamics of ion-beam
processes where other techniques fail?
• Key Issues:
• Understanding and characterization of material properties
• Controlled modification and nanostructuring of materials

Cultural Heritage,
Arts and Archaeology
• Key Question:
• How to improve non-destructive in-depth elemental
analysis?
• How to improve dating techniques?
• Key Issues:
• New developments in IBA techniques
• Portable devices
• Higher precision radiocarbon measurements using AMS
• Improved communication between the different disciplines

New Frontiers
in Nuclear Physics Tools
• Key Question:
• What is needed for major advances in particle
accelerator and radiation detectors technology?
• Key Issues:
• High-intensity accelerators for Accelerator Driven
Subcritical Reactors (ADSRs), ISOL based facilities, and the
European Spallation Sources (ESS)
• Laser acceleration techniques
• Radiation hard, fast detectors with low material budget

Nuclear Physics in Serbia
• Present status in Serbia
• Was the most developed scientific field until 1970ties
• From the '90ties sharp drop due to the moratorium on
nuclear power plants
• Permanent decrease in the budgeting, equipping and
public interest
• Serious ageing of the manpower
• Lack of nuclear related scientific machines (reactors,
accelerators)
• Developed observational techniques
• International collaboration

•
•
•
•
•
•

Research activities in four institutions
Vinca Institute - Belgrade,
UNSPMF – Novi Sad,
Institute of Physics – Belgrade,
Fac. of Sci. – University of Kragujevac
Master education (embedded in general physics) at
four universities:
•
Belgrade, Novi Sad, Nis, Kragujevac
• PhD studies : Novi Sad, Belgrade
• Total number of researchers in the field – about 150

The Nuclear Physics Group
in Novi Sad

Background :
nuclear structure studies by γ,β spectroscopy ;
γ-γ,γ-β coincidences ,
γ-γ, γ-β directional angular correlations, nuclear orientations

Present:
• University based research group (rare nuclear events, double beta decay,
cosmic ray physics, muon induced nuclear reactions)
• Public services in radiation protection (gamma spectrometry, field alpha,
beta, gamma, neutron dosimetry, non-ionising radiation, radon)
• Expertise in low-level gamma spectroscopy (common high sensitivity direct,
coincidence, anticoincidence methods for fundamental and applied
research)

Thank you!

